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ROOT LENGTH, SURFACE AND DIAMETER OF WINTER
WHEAT ALONG SOIL PROFILE

J. Haberle, P. Svoboda

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

Winter wheat root length (RL) and root surface (RS) distribution in soil profile
during spring was determined in two year field experiments on sandy loam
soil (eutric cambisol) at Pernolec (elev. 530 m, precipitation per year 624 mm,
average temperature 6.4 °C). Two treatments, unfertilized with N (NO) and
fertilized with 40 kg N/ha in early spring (N1), were evaluated. The observed
root diameters (RD), averaged over a soil layer, were in the range 0.21-0.37 mm
(Tab. 1). RL and RS decreased exponentially from surface layers to subsoil
(Fig. 1A-C). Total RL per square meter in the early spring, at the end of
tillering and at heading reached on average 0.47 km, 4.9 km, 7.8 km, resp., in
1993, and 0.3 km, 5.4 km and 14.9 km, resp., in 1994.

root length; root diameter; root surface; nitrogen fertilization; soil profile;
winter wheat

INTRODUCTION

Root distribution and uptake activity must be known to describe water and
nutrient uptake from soil reliably. Generally, amount of roots decreases ex-
ponentially from superficial soil layers to rooting depth as a result of inherit-
ed growth pattern and (usually) better growth conditions in the arable layer
(Russell, 1977; Kuhlman, Barraclough, 1987, and others). Root
distribution in a certain growth stage is the result of interactions between
genotype, soil environment and actual weather conditions. Soil sources, water
and nutrients, are distributed non-homogenously in the soil profile, as well.
Their amount and availability change substantially during growth period. The
amount of water and nutrients depleted by a crop from specific soil depth
depepds on root and sources distribution, plant development and growth
condition in soil and aerial environment (e.g.: Robinson etal., 1991).

The root distribution is described by root weight, length or surface. Al-
though correlation exists among these parameters, root length and surface are
preferred to weight when depletion of water and nutrients from soil profile
1S considered. As experimental determination of root surface is unreliable,
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mean value of root diameter and root length are employed to calculate root
surface (e.g.: Hacket, 1969). Root diameter is important root trait related
to the extent of area of nutrient and water depletion around roots and the
ability of a root to penetrate soil.

The aim of the study was to quantify the root length, diameter and surface
distribution of winter wheat in a soil profile in field.

MATERIAL AND METHODS

Winter wheat root length (RL), surface (RS) and diameter (RD) distribu-
tion in soil profile during spring was determined in two year field experiments
on sandy loam soil (eutric cambisol) in experimental station of RICP Pernolec
(elev. 530 m, precipitation per year 624 mm, average temperature 6.4 °C).
Two treatments were used: unfertilized with N (treatment NO) and fertilized
with 40 kg N.ha™ in early spring and with 40 kg N (1993) or 50 kg N.ha™
(1994) at the start of stem elongation (treatment N1) (Ruzek, 1993;
Haberle et al.,, 1996).

The soil was sampled by 10 cm increments to 40 cm depth with steel
cylinder (8.5 cm diameter). Samples from deeper layers, under 40 cm, were
taken with soil corer (3.5 cm diam.); two subsamples from each hole formed
by 8.5 cm cylinder were bulked together. From six replications per treatment,
four soil cores were taken from the row centre and two from midway between
the rows. The row spacing was 12.5 cm. The soil was sampled in early
spring — before nitrogen fertilization (the start of tillering), the end of tillering
and at heading. Roots were washed on sieves and preserved frozen. The
completc mixture of plant roots, organical debris and fine sand particles
picked up on 0.25 mm sieve was preserved to decrease the loss of the thinnest
roots. Roots were cleaned, root length was determined manually after Ten -
nant (1975), root diameter of 20 to 60 roots per sample, randomly selected,
were measured with microscope. Root surface was calculated from length and
average root diameter. The results of root length and diameter were analysed
by ANOVA. Mean values of root traits averaged over the position of the
sampler (i.e in a row and row spacing) are presented.

RESULTS AND DISCUSSION

Root length density (i.e. root length in a soil volume) and root surface
density along soil profile are shown in Figs. 1A (early spring, start of tiller-
ing), 1B (end of tillering) and 1C (heading). Mean values of results obtained
in a row and from row spacing are presented. Root length and root surface
decreased approximately exponentially from surface layers to subsoil as ob-
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served in most root experiments in field Barraclough, 1984 and others).
As shown in Figs. 1A-C, root length and root surface profiles were similar.
Nitrogen fertilization increased root length and surface significantly only in
heading in upper layers of soil profile (Fig. 1C). The opposite effect of
nitrogen was observed in subarable layers at the end of tillering (Fig. 1B).

Low root densities in layer 50-60 cm, 0.05 cm.cm™ (1993) and
0.15 cm.cm™ (1994) at heading suggest that in that period wheat crop had
no good access to nitrate washed to deeper layers (Haberle et al., 1996).
However, even small proportion of total root length in deep soil zones can
contribute, on some specific conditions, to total water and nutrient consump-
tion Burns, 1980; Kuhiman etal, 1989; Robinson etal., 1994).

In 1993, total root length per square meter of soil reached on average
0.47 km at the start of spring regeneration (29-03), 4.9 km at the end of
tillering (26-04) and 7.8 km at heading (31-05). In 1994 they were 0.3 km
(03-03), 5.4 km (19-04) and 14.9 km (01-06), resp. The root length at heading
in 1994 is comparable with published data (e.g.: Welbank et al, 1974;
Seward et al.,, 1990); values over 20 km.m™ were found at high-yielding
wheat crops at anthesis (Barraclough, Leigh, 1994; Barra-
clough, 1984).

The great difference of total root length and surface between 1993 and
1994 at heading are likely because of impaired wheat growth in 1993 due to
weather conditions. There was extremely cold and dry winter and spring in
1993, (92 mm of precipitation from January to May), in contrast with warmer
season and 223 mm of precipitation evenly distributed through the above
period in 1994. The grain yield per hectare reached 1.8 t (NO) and 3.0 t (N1)
in 1993, and 4.1 t (NO) a 6.4 t (N1) in 1994. It corresponds with the results
of Barraclough and Leigh (1984), which found positive relationship
between winter wheat above-ground and grain yield and total root length at
anthesis. Inter-year differences in wheat growth observed in our experiment
were reflected in depletion of Nanorg from soil between tillering and heading
(Haberle et al., 1996).

. The application of nitrogen fertilization had no significant effect on root
diameter according to analysis of variance. Observed root diameters, aver-
aged over a soil layer, were in the range 0.21-0.37 mm (Tab. I). Mean values
of root diameter averaged over position of a sampler are presented as we did
not find significant differences among root diameters in respect to position
of the s.ampler in the row or between them (not shown). We observed thicker
root axis (over 1 mm) in surface 10 cm layer sampled in the row in compari-
iS:(I:lr W{th those taken from midway between the rows. However, it did not
teralezfse z}verage root dmmclcr due to mmuhaneous.pro]xferatlon of thin la-

roots. Greater root diameters observed in subsoil were caused by preva-
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| A_C. Wheat root length (——— RL) and root surface (- - - - RS) per cubic centimeter of soil
at the start of tillering in early spring (1A), at the end of tillering (I1B) and in heading (1C).
Expcrimelltal station Pernolec, 1993 and 1994. Without nitrogen fertilizing (+ NO) and fertilized
with 40 kg N.h:f1 (CJ N1) in early spring. Star symbols indicate significant differences in RL

between treatments (ANOVA, P < 0.05)

1. Average root diameters of winter wheat along soil profile (in [tm) on three sampling terms;
NO — without N fertilizing, N1 — fertilized with 40 kg N.ha’ Vin early spring; numbers within
each column followed by the same letter are not significantly different (P < 0.05)

Term of sampling

dSOilh i 1993 1994

ept —

(cm) | 29-03 26-4 31-5 3-3 19-4 01-06
NO | No | NI | NO | NI | NO | NO | NI | NO | NI

0-10 269 | 280a | 282a | 219a | 20la | 255 | 275ab| 295b | 247ab | 250b
10-20 300 | 291a | 288a | 253ab | 233a | 310 | 246a | 252a | 21la | 238ab
20-30 333 | 350b | 355b | 266b | 229a | 290 | 27lab| 295b | 220a | 233ab

30-40 — 343b | 375b | 271b | 296b = 324b | 249a | 283b | 220ab
40-50 - 341b | 369b | 272b | 21la = 304b | 349c | 244ab | 236ab
50-60 = = - - - - . 207a | 238ab
60-70 = - - — - = - 264b | 207a

lence of unbranched, young root axes. Over hundred per cent difference in
mean root diameters between arable and subsoil layers can be inferred from

data on wheat root specific length published by Welbank et al. (1974).
Root diameters found in our experiment (Tab. 1) were in upper range of
daFa given in literature (B arley, 1967; DeWilligen, VanNoord-
wijk, 1987). Root diameters about 0.3 mm were observed in spring wheat,
oats and barley (Hackett, 1969;: Keita, Steffens, 1989). Several
authors reported average diameter of wheat near 0.2 mm (Kuhlman etal,
1989; Seward et al., 1990) or even less (Robinson et al., 1994). Soil
lexture composition of experimental site with 36% of coarse fraction (0.25—
Z.Q mm) fmd 16% of skeleton (R Zek, 1993) might caused higher values
ggnrdﬁ([).t dlams:ter‘observc.:d in our g*,xperimem. Some adverse soil physical
- é:rzs, es]laec_lally smlpompacpon, and coarse sand substrates resglt in
o %fenm~08t1y increase) in rqot dlal.neter (e.g.: Russell, 1977; Ke ita,
i s, 989)V.>Also, spxl nutrient, water status and soil acidity are
N that they affect root diameter (e.g. Hackett, 1972). However, only
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slightly less root diameters of the same cultivar of winter wheat in fertile
loess brown soil were observed at Ruzyné in Prague, the site with warme;
climate (unpublished).

The project was supported by the grant of Ministry of Agriculture of Czech
Republic, Nr. AA0930950183
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Ceska republika):

Délka, povrch a primér kofFent ozimé pSenice v pudnim profilu.

Scientia Agric. Bohem., 27, 1996 (1): 5-12.

Ve dvouletém polnim pokusu byla zjiStovana délka a povrch kofenlt ozimé pSenice
ve vrstvach pidniho profilu. Pokus probihal v letech 1993 a 1994 v Pernolci u Ta-
chova (hlinitopis¢ita pida, 530 m n.v., 624 mm sriZek, 6,4 °C). PSenice byla hnojena
regeneratni davkou 40 kg N/ha v ptedjafi a 40 kg N/ha (1993) nebo 53 kg N/ha
(1994) na za&étku sloupkovani (varianta N1) nebo nebyla dusikem hnojena (varianta
NO) (Ruzek, 1993; Haberle et al, 1996). Vzorky prokofenéné pudy byly ode-
birany sondou o priméru 8,5 cm (do hloubky 40 cm) a 3,5 cm (pod 40 cm), ve
Ctyfech opakovanich na fadku a dvou opakovanich v mezitadi, v obdobi jarni rege-
nerace rostlin (zacatek odnoZovani), na konci odnoZovani a v metani. Kofeny byly
vyplaveny na sitech a uchovavany pfed dociSténim a méfenim pii teplotd —18 °C.
Byla urcovana délka a pramér kofend. Povrch kofent byl vypoditin z délky kofent
a stfedni hodnoty praméru kofeni ve vzorku. Jsou prezentovany primérné hodnoty
pro variantu NO a N1. Aplikace dusiku zvysila prikazné délku kofend p3enice v po-
vrchové vrstvé 0-10 em (1994) a 10-20 cm (1993) ve fazi metani a sniZila délku
kofend v hlubsich vrstvdch na konci odnoZovani (obr. 1B a 1C). Vliv hnojeni dusi-
kem na pramér kotent nebyl statisticky prikazny. Délka a povrch kofendl se snizo-
valy pfiblizn¢ exponencidlné s hloubkou (obr. 1A-C). Distribuce délky a povrchu
k?fenﬁ v piidnim profilu byla podobnd. Vy3si primér kofent v nejhlubiich vrstvach
PUSjnilﬂm profilu, dany vy$§im podilem nevétvenych kotenovych os, a men§i priimér
kofent v orni&n{ vrstvi nezménily vyraznéji tvar rozd€leni povrchu kofend v profilu
ve srovnéni s délkou kofent. Zjisténé hodnoty priiméru kofent se nachizely v roz-
3122;0,211370,37.@m. Vj“:!’é:ina/ p.)ublikovanych tdaji se pohybuje okolo hodnoty
kgvé g;-lk liklituji se []1021;\6 E)ﬁémy zjiSténych vysSich hodnot priméru kotfent. Cel-
b rosu‘a (;rgenu na 1 m” pady byla. v roceV 19/93’ 0,47 km na pocatku jarni regene-
a1, 5) {/n (29. 3.), 4,9 km na konci odnoZovéni (26. 4.) a 7,8 km ve fdzi metani
po¥itku m :?Cf: 1994 to bylo 0.3 km (3. 3., 5.4 km (19. 4 a 14,9 km (1. 6) na
1994 by e anl.vDuvodelvn témer polovmm. délky kofenl v roce 1993 oproti roku

yia pravdépodobn& sucha, chladn zima a jaro roku 1993 (92 mm srézek od
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ledna do kvétna) oproti teplej§imu roku 1994, s rovnom&rné rozloZenymi srazkam;i
(223 mm) a mensi pocet rostlin i stébel. V roce 1993 byla 0 100 % niz8i produkce
nadzemni biomasy a vynos zrna oproti roku 1994.

délka kofend; povrch kofend; primér kofendi; hnojeni dusikem: padni profil; ozima
pSenice
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